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The contents of this report reflect the views of the authors, who are responsible for the facts
and accuracy of the dala presented herein. The contents do not necessarily refiect the official
policy of the Department of Transpaortation.

The metric units reported are those used in common practlice by the persons interviewed.
They have not been converted to pure Sl units because in some cases, the level of precision
implied would have been changed.

The United States Government does not endorse products or manufacturers. Trademarks or
manufacturers’ names appear herein only because they are considered essential to the
document.
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opinions, options, findings, conclusions, or recommendations expressed herein are those of
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The FHWAs inlernational programs locus on meeting Lhe growing demands of ibs
partners at the Federal, State, and local levels for aceess to information on state-of-
the-art technology and the best practices used worldwide, While the FIIWA is
considered a4 world leader in hiphway transportation, the domestic hiphway
community iz very interested in the advanced technalogies heing developed by other
countrics, as well as mnovative organizational and financing technigues used by the
FHWA's international counterparts.

The International Technology Scanning Program accesses and evaluates foreign
technologies and innovations that could significantly benefit 115, hiphway
transportation systems, Aceess Lo foreign innovations is strengthened by LS.
participation in the technical committees of international highway organizations and
through bilateral technical exchange agreements with selected nations. The program
has undertaken cooperalives wilth the American Associalion of Slate Highway
Transportation (MTicials and itg Select Committee on International Activities, and the
Transportation Rescarch Board’s National [lighway Rescarch Cooperative Program
(Panel 20-36), the private sector, and academia.

Priority Lopic areas are joinily determined by the FHWA and its partners. Teams of
specialista in the speecific areas of expertise being investigated arve formed and sent to
countrics where significant advances and innovations have been made in technology,
management practices, organizational structure, program delivery, and financing.
Teams usually include Federal and State highway officials, private sector and
industry association representatives, as well as members of the academic community.

The FITWA has organized more than 40 of these reviews and dizgeminaled results
nationwide. Topics have encompassed pavements, bridge construction and
maintenance, contracting, intermodal transport. organizational manapement, winler
road maintenance, safety, intellipent Lransportation systems, planning, and policy.
Findings are recommended for follow-up with further research and pilot or
demaonstration projects to verify adaptability to the United States. Information aboul
the scan findings and results of pilol programs are then disseminated nationally to
Statle and loeal highway transportation officials and the private sector for
implementation.

This program has resulted in signilicant, improvements and savings in road program
technologies and practices throughout the United States, particularly in the areas of
structures, pavements, salely, and winter road maintenance. Joint research and
technology-sharing projects have also been launched with international counterparts,
further conserving resources and advancing the state of the art.

For a complete list of International Technology Scanning topics, and to order {ree
copies of the reporls, please see lisl on the facing page.

Wehbsite: www.international fhwa.dot. gov
Email: international@hwa dol. goy
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The volume of vehicle traffic 1s inercasing worldwide, and roadway lighting can be an
cffective tool to help provide efficient and safe trallic movement, The LLS,
transportation communily is interested in identifying cutting-edge research and
technologies in highway and roadway lighting systems. Specific interests include
tunnel llumination, sign lighting, and vigibility metrics thal are used in the dezign ol
roadway lighling systems,

The American Association of State Highway and Transportation Officials (AASIITO)
is in the process of updating ite Informational Guide for Roadway Lighting and
recognizes the need to gather information from transportation ministries and lighting
professionals outside the United States. The information gathered will provide a basis
to update the (Guide and will provide a better tool for State and local authorities that
design, install, operate, and maintain public lighting syslems.

The study was co-spunsored by Lhe U8, Federal Highway Administration (FITWA), an
agency of the LS. Department of Transportation, and by AASHTO. The purpose of the
study was to gather information related to current roadway lighting praclices and
innovative solutions uzed by olher countries.

The team members brought a variety of professional perspectives to the study.
Representation included the States of Alabama, Pennsylvania, Texas, and Wisconsin;
the FHWA; and the [luminating Engineering Society of Worth America (IESNAL

The lighting study was conducted during the first 16 days of April 2000, with
meetings held in Finland, Switzerland, France, Belgium, and the Netherlands, The
delegation met with professionals in Lthe field of roadway lighting to observe and
evaluate the European experience in a number of arcas of specific interest, including
small target visibility (STV) and luminance design techniques.

Information was collected on the following 10 primary areas of interest, which form
the main sections ol Lhis report:

* Practical Matters

*  Visibility Design

¢ Luminance Design

* Pavement Reflection Factors

* Tunnels

¢  (ounter-Beam vs. Pro-Beam Lighting
* High-Mazt Lights and Signas

* Roundabouts

¢ Balely lmplications

» TFuture Developments

Based on its ohservations, the pancl developed specific recommendations [or the
roadway lighting and safety communities in the United States. The recommendations
appear below, in descending order of priority




The team members found that none of the countries visited use visibility techniques
in design. Visibility research with three-dimensional targels is, however, being
conducted in France and Belgium,

Kuropean research suggests that the visibility concept may provide a more complete
approach to lighting design, although more experience is needed. The panel
recommends experimentation and research on aclive roadways,

In the Netherlands, highway engineers have installed a dynamic roadway lighling
system thal can be operated al three levels, depending on the amount of traffic and
weather conditions. The high level 15 2 ed/m?, the normal level is 1 ed/m?, and the low
level is 0.2 cd/m?® The crash rate for the 0.2-cd/m” system, when operated at low traflic
volumes, was acceptable. From Lhese resulls il was determined thal new systems will
he installed to operate at 1 ed/m* and 0.2 ed/m® A similar road is currently being
installed in Finland.

The French are studying retroreflectivity and acltive luminous devices. Similarly, the
acceptability of different types of guidance systems is being researched in the
Netherlands.

As an approach to more dynamic management ol roadway lighting, the panel
recommends investigating the application of dimmable lighting systems, turning off
lighting systems, and alternative guidanec systems.

All of the countries use the luminance design method for roadways. Several countrics
noted that there are problems with the standard “R-tables.” The initial luminance
values measured in the field vary from the values predicted by the design caleulations
that used the standard R-tables.

It was stressed Lo the panel thal, when doing [ield measurements, Lhe roadway must
be dry and the temperature must be ahove the dew point. It was also noted that
better corrclation between calculated and measured values is obtained when
meagurements are made in the summer,

The French are researching the photometrie properties of road surfaces. The cvolution
of road surface technology and the use of bright and colored road surfaces
necessitated the research, Examples of new road surlaces are *quiel” and “waler-
draining” pavements and very thin asphaltic coneretes and surface dressings. The
Trench also are examining the possibility of using a virtual reflectometer for field
meazurements.

Pavement reflectance is an important element of liphting design. The panel
recommentda that more research, including field measurements, be eondueted in order
to overcome the acknowledged inadequacy of the R-tables for pavements,




A number of European cities have master liphling plans. The plane are based on
providing safety, beautification, and aeeurity for goods and people. Urban lighting is
viewed as a key component of city management.

The panel encourages the development of master lighting-design plans to improve Lhe
coordinalion ol roadway and urban lighting in such matters as lighting levels and
styles and themes for safety, sccurity, and beautification.

Hach of the countries visited has specifiec recommendations for roundabout lighting.
All cited the importance of having roundabout light levels higher than the levels on
approach streets,

The panel recommends thal Lthe Furopean experience in roundabout lighting he
synthesized and consolidated for U.S. application.

The Swiss have modified lighting techniques to provide vertical illuminanee, which
allows pedestrians in crosawalks to be seen in positive contrast, The result has been a
lowering of fatalities by two-thirds. OLher counbries algo cited the importance of
vertical illumination in pedestrian areas to enhance easy identification.

The pancl recomnmends the consideration of vertical illuminance as a design approach
to improve safety in crosswalks and other pedesirian areas,

Encrgy-absorbing poles flatten upon impact, bul do not break away. They are used
mainly in Finland and may be useful in the United States, in areas where breakaway
poles are not desirable,

The panel recommends inveslipating Lthe use of energy-ahsorbing poles as an option
for selected applications.

Thraughout the trip, the team encountered many instances in which the Europeans
gained knowledge and experience by conducting practical experiments on aclive
roadways, This method permils more rapid implementation of new ideas.

The panel encourages more innovative experimentation on active roadways and test
Lracks.

The police in Zurich, Switzerland, presented an extensive accident report. The panel
found it inleresting that the police analyze the eanze of automaobhile accidents in the
Zurich area and make recommendations for lighting applications.




The panel recommends the development. of reporting systems thal consider the
lighting conditions at crash scenes.

There is a potential to gather a great deal ol information [rom European lighling
documents. The panel recommends further evaluation of the Eurapean standards and
puidance documents to determine applicability in the United States.

The European lighting equipment generally appeared to be of a high quality, and very
lew roadway lightling outages were observed. The lighting systems were generally
relamped on a group basis, typieally on a 3- {o G-year cycle, Maintenance of Lunnel
lighting systems i3 gencrally conducted on a shorter evele that eoineides with the
cycle [or washing. Necessary relamping is conducted at that time. It was stated that
the tunnels on the loop, in Paris, are cleaned every month.

The panel recommends that, when possible, higher quality lighting materials he
considered to benefit maintenance and durability for the life of the lighting svstems.
In addition, maintenanece personnel should be thoroughly trained to ensure the
integrity of lighting systems.

Several countries are beginning to eliminate sign lighling by uzing micro-prizmatic
sheeting material. France also is moving away from fixed sign lighting by using
engineering-grade relrorellective material,

The panel recommends the use of micro-prismatic materials for unliphted overhead
and left-shoulder mounted signs.







Vehicular travel is increasing throughout the world, particularly in large urban areas
and al all hours of the day and night. At night, the visual capabilitics of humans are
impaired and visibility is redoced, Road erashes at nipht are disproportionately high
in numbers and severity, compared with daytime crashes. In the United States, the
niphttime fatality rate, weighted for kilometers traveled, is three times the daytime
figure."* One of the major [aclors contributing to the problem is darkness, because of
its influence on a driver’s behavior and ahility. Thus, roadway lighting can be an
effective tool to help ensure efficient and safe traffic movement. The T1.S.
trangportation communily is interested in identifving cutting-edge research and
technologices in highway and readway lighting systems, including tunnel illumination,
sign lighting, and all the methods that arc used in the design of roadway lighting
Ryslems.

The American Association of State Highway and Transportation Officials (AASHTO)
is in the process of updating its publication Informational Guide for Roadiay
Lighting and recognizes the need to gather information from transportation
ministries and lighting professionals around the world. The information gathered
could provide a basis on which to update the Guide, thereby providing a belter tool for
Stale and local authorities that design, install, operate, and maintain public lighting
aystems.

Recognizing the benefits that eould result from an examinalion of international
practices, a team of roadway lighting and safety experts was assembled. The team’s
misgion was to obrerve and document practices that might have value to the U.S.
transportation community. In April 2000, the panel traveled Lo [ive European
countries (Finland, Switzerland, France, Belgium, and the Netherlands) to ohserve
innovative lighling practices and identify those practices that could be implemented
in the United States. This report deseribes the [indings and observations of the group
and includes recommendations of practices that have potential for implementalion in
the United States.

In 1990, the Federal Highway Administration (FHWA), in coordination with AASIITO
and the Transportation Research Board (TRB), began an international transportation
technology research program. The program involves assembling teams of experts in
specific areas of tranaportation technology who travel overseas to identify
technologies and practiccs that might have immediate or near-term implementation
value in Lhe United States. The cost of sending a group oversecas and documenting the
findings is significantly less than the cosl of researching the technologies and
preparing the appropriate documentation in the United States, In addilion, individual
team members benelit from firsthand observation of the technology applications in a
real-world sctting.

A sean trip beging when FHWA and AASHTO identify the need to ohserve
international practices in a particular field. A panel of experls in Lhat lield is created,
and the panel meels Lo plan the key aspects of the trip and develop a serics of
“amplifying questions” that are submitted to the host countries in advance of the trip.
During the Lrip, panel members meet as a group with representatives of various




organizations in each host country. Upon its return, Lhe panel prepares a report
deseribing its observations and recommendations.

The ohjective ol Lhiz study was to review and document European experience with
roadway lighting systems and advanced technologies, such as small target visibility
(STV) and counter-beam technologies, in Lunnels and roadways and for special
geometries such as roundabouts. Findings may be incorporated in the new AASHTO
Informational Guide for Roadweay Lighting, which i due lor revigion in the near
future. The scan team also set out to observe innovative technologies that may be
implemented in the Uniled States in the near or long term.

The study panel also was interested in aspects of planning, installation, operation,
maintenance, and financing, as they relate o innovative lighting systems. In gaining
an understanding of innovative lighting systems and technologies, the panel hoped Lo
identily both the similarities and differences between European and ULS. systems that
might, affect implementation. The panel also wanted Lo identify problems associated
with implementing innovative Lechnologies and systems and the role(s) that
nongovernmenl, privale entities had in implementing and operating lighting systema.
Finally, the panel wished to obscrve, firsthand, the systems and technologies in
operation and obtain information Lo assess Ltheir effectivencss,

The team members represented several different perspectives including that of the
FHWA, lour State departments of transportation (Alabama, Pennsylvania, Texas, and
Wisermsin), and the uminating Engineering Society of North America (IESNA)

Appendix A lists the panel members, their affiliations, and short biographies. Figure 1
shows Lhe panel members during their visit to France.

The panel met four times throughout the
trip development and the actual tour, as
shown in table 1. The first meeting
provided an opportunily (o deline the areas
ol prealesl interest and prepare a series of
amplifying questions that the host
countries could use to develop programs for
presentation to the team.
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TABLE 1. SCHEDULE OF TEAM MEETINGS.

Date and

Locafion Time Frome

[T T PT o s PR
Weashinato

Ampiifying Questions

Purpose

To provide the Kurapean hosts with a clearer understanding of the issues and
technologies of interest, the team prepared a scries of amplifyving questions that
focused on 10 major topics, as listed below:

The amplifying questions are listed in appendix B.

Fulure Developments

Practical Matters

Visibility Design

Luminanees Desipgn

High-Mast, Decorative, and Sign Lighting
Tunnels

Pavemenl Relleclion Faclors
Counter-Beam vs. Pro-Beam Lighting
Roundabouts

Safety Implications

Trip Hinerary

The tour took place during the first two weeks of April 2000, Table 2 lists the
countrics and cities visited by the study pancl.

TABLE 2. SCAN TEAM ITINERARY

Dhaytes Countries
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Note: Only the dates on which the pancl members met with hosting officials are
listed. The table does not include travel days and weekend panel meetings.

Appendix C lisls the officialz with whom the panel met during the trip. The hosts
presented information on a wide variety of lighting topics, and the pancl observed
many other interesting practices during the tour. Many of the hosting agencies
provided documents to the scanning team. The documents referred to in this report
are lizted in appendix 1.

During the tour, the panel identified many notewarthy practices, several of which may
have current or future value to transportation agencics in the United States. Each
section of this report begins with a brief description of the topic, then documents the
panel’s observalions, and concludes with a recommendation. The final section eontains
a summary of the panel’s research recommendations. Appendix I lists opportunitics
for the team members to share the information at conferences and through technical
articles and demonstrations.

Throughout the tour, team members were continually educated on some ol Lhe
signiflicant dilTerences between the United States and the European eountries visited.
The differences were evident in many areas, including culture, language thoth
common and technicall, and engineering practices. While the engineering differences
were the focus of the trip, the olher differences affected the gathering of information
and also will have an impact on the ability of U.S. practitioners to implement
promising technologies or practices.

Although the focus of the Lrip was on innovative lighting systems, panel members had
the pleasure of cxperiencing the people and facilities in each country. As they traveled
on planes, trains, subways, buses, and taxis, slayed in different. hotels, and interacted
with the people in each eountry, the panel members were able to observe many
significant eultural characteristics in the five countries. Many cultural
characteristics represent nothing more Lhan a dilTerent way of living and give each
ared ils unigue identity, Some cultural characteristics, however, have a direet impact
on the lighting systems in cach country. Many of the cities visited have very dense,
active populations that engage in extensive walking or bicyeling, Comprehengive
trolley and subway systems are used for both work and recreation. Additionally, many
automobiles compete for the limiled parking. Also, large numbers of people were out
and about in the center of town at night. The team members surmised that this
nighttime activity prompted the local povernments to light buildings, parks, and
monuments for the users’ comfort and security, as well as for display.

Preservation of urban centers is imporlant o Buropeans, Az a rezult, Burepeans have
a very strong sense of history and the preservation of that history. The antiquity and
historical importance of European cities is a mapgnet for tourists and of great
BCONOITIC LTporlance,




Generally, Europeans also appear Lo have great respect for authority, which leads to
high vompliance with traffic-control regulations and deviees. In many cases, the panel
identified practices that were innovative or unique, but that would have limited
application in the United States because of basic differences in lighling systems and
cultures.

The panel members were eontinually impressed by the ability of their hosts to
communicate in English. The majority of individuals the panel mel with were [luent
in English. Even so, the panel had to learn numerous Lerms, both eommon and
Lechnical. A few of the mogt common are listed below, with the Buropean term listed
first and the equivalent American term in parentheses,

e DMotorway (freeway)

*  Carriageway (lravelway or paved roadway)
# [lual carriageway (divided highway)

e Ilard shoulder (paved shoulder)

*  Columns {poles)

* _Junction {intersection)

* Lorry (truck)

*  Detrol (gasoline)

+  Control gear (hallast)

It was evident to the team members that their European counterparts have had many
of vears of experience with designing solulions and managing lighting problems in
cities and rural arcas on all classes of roadways. The panel found many solutions
practical, effective, and, more often than nol, new and creative, Buropean engineers
are ulilizing new technologies faster than many of their ULS. ecounterparts, and
Furapean transportation agencies appear to be more progressive in testing and
implementing new technologies and applications of lighting systems, The difference
may be due, in large part, to the aggressive and progressive research programs in the
individual ecuntries. Many of the solutions observed on roadways were certainly more
advanced than those that are used on roadways in the United Stales, Examples
include the use of variable lighling levels, depending on time of day, weather, and
traffic movement; traffic guidance systems, in place of fixed, overhead lighting
svstems: energyv-absorbing poles, in areas where franpible poles could nob be used;
master liphting plans to guide long-term development; and vertieal illumination in
crosswalles.

One ol the most significant engineering contrasts is the Buropeans” willingness to
gain knowledge and experience by conducting practical experiments on aclive
roadways. This method permits rapid implementation of innovative ideas. In defense
of the lack of experimentation in the United States, Europeans do nol experience the
amount of litigation thal regularly occurs in the States. Therefore, in Europe, it 18
easier to do actual research on public roads.




In the arca of practical matters, the panel was interested in examining details
involved with design, verification, operation, and maintenance of European roadway
liphting syslems,

Generally, liphting is installed in Europe at a higher light level than is used in the
United States, and the roadway lighting is more uniform in appearance. The higher
lighting levels and more uniform appearance arc the results of many studies over the
vears that examined visual performance and visual comfort. Additionally, the panel
heard the Buropeans equaling hipher lipht levels wilth driver comlorl, which, they
helieve, produces a higher level of safety. (It should be noted. however, that numerous
studics have been conducted, the results of which have not been conclusive. French
experts pointed out that while hipgher lipht levels conlribule Lo driver comfborl, they
may also create a false aense of safety, masking drivers’ levels of fatigue or
intoxication.)

In Europe, the luminance desipn method is widely used lor standard road seclions,
The illuminance design method g used for more eomplex situations such as
intersections, pedestrian erossings, roundabouts, residential arecas, rest areas, and
bicycle-path lighting, Currently, each country visited has its own design standards
that are bazed on the documents produced by the Commission Internationale de
I'Eclairage (CIE). Among countries the lighting levels are approximately the same for
cquivalent classes or types of roadways. In addition, each country has developed its
own puide for liphting desigonecs Lo consoll, The goides address mallers of mounting
height, spacing, overhang, lamp wattage, lamp type, and type of luminaire.

Of all the countries visited, only Switzerland is not a member of the European Union
(EU). However, all are working through the Comité Buropeén de Normalizalion
{CEN), which 1s the Europcan Committee for Standardization, to produce harmonized
lichting standards that will apply Lo all ELT members,

Il was commaon {o find the design process outsourced to contractors. In Finland, the
government had negative experiences with performance specifications, because
contractors reduced installations to the minimom limil acceplable, which reduced
long-term zuitability. To solve the problem, the typical speeification is written, based
on experience, to read “manufacturer, catalog number, or similar.”

In Belgiom. mosi (80 percenl) of the modorways (reeways) are continuously lighted,
for safety reasons. The traffic intensities on Belgian motorways are very high and the
distances between inlerchanges are short {each 3 to 4 km) because of Lthe high degree
of urbanization. In less denscly populated arcas, only the interchanges of the
motorways are lighled,

Asg noted earlier, in the Netherlands, motorway light levels have been reduced to
approximalely Lhe same range ol values as Lhose used in Che Uniled Slates, The
uniformity of lighting i3, however, still typically Buropean. The Dutch seem to he
satisfied with the lower lighl levels,




Finnish representatives mentioned that they have ecased using low-pressure sodium
{LLPS) as a light source, primarily because of the cost of the lamp.

Rather than testing individual luminaires for tunncl applications, field
measurcments of lighting levels are conducted on the majority of tunnels in
Switzerland. Roadways, however, are measured only if' there appears to be a problem.
{In Finland, ealculations are verified, but no field verification is currently conducted.)
Beeause lighting eontractors cannot be held accountable for road surfaces, verification
is usually done in lux. The French designs are based on luminance and verified by
measuring luminanece (lux),

The panel reviewed some of Lhe European
lighting equipment and, in general,
concluded that it was of a higher quality
level than that generally available in the
United States. In addition, the team noted
that the relamping maintenance of the
lighting systems was very good (see figure
21 Typically, Lhe road lighling syslems are
relamped on a group hasis, on a 3- to H-year
cvele,

The French are experimenting with remole
control and monitoring of public lighting
systems. Monitoring data will include time
of operation, proper operation, automatic

Lroubleshooling, and problem notification.
Control includes on/off control and possible future dimming. Fixtures employ
electronic high-pressure sodiom (HPS) ballasis,

As the team traveled around the five countries at night, it had many opportumities to
observe each country's lighting. Generally, the lighting was better maintained than
comparable lighting in the United States. The team rarely observed unlil luminaires
and was impreased with the overall uniformity and quality of the lighting.

The panel noted that Europe shares a problem with the United States, i.e., matching
exiating pholomelrics, or overall lighting performance, on an exisling syelem, In
discussions with representatives in various countries, it became evident that the
Europeans have not achieved an effective means of maintaining the photometric
performance ol Lhe lighling systems Onee a sysbem is designed and boill, no
systematic lighting measurements are made in the long term and no controls arc
placed on replacement luminaires. This cavses a rapidly deterioraling performanece off
the system. The scope of effort required to correct the problem and the cost involved
are gnormons, which hag prompled (the Buropeans nol o require mainienanes ol
initial performance levels.




In Belgium, the regions or cities are responsible for the installation and maintenanee
of lighting installations; contractors are hired on a low-hid hasis to perform the
installation and maintenance. No eontrols or contract requirements are made to
maintain photometric performance of the lighting systems. Contractors are
responsible lor obtaining lxlures and olher replacement ilems. Conlraclors do not
typically have a lighting engineer ar a lighting-design expert on staff and have little
incentive to maintain the photometric performance of cxisting systems.

In-depth discussions with the Belpians on maintenance issues confirmed that their
voncerns are similar o some LS. coneerng. These concerns are that maintenance
personnel are not capable of determining the photometries of the existing system and
that they are not able to determine acceptable alternatives. Contractors typically
replace luminaires with whalever is in stock, It is dilTicoll Lo wrile and enlores
specilicationgz for photometries for replacement fixtures that would provide equivalent
luminance values,

The French allow the installing contractor to select [ixtures Lo meel a luminance
calculation specification. French represeniatives stated that contractors do not
usually understand the luminanee design method and pay little attention to it. Field
measurements of the built system are made with illuminance values. Maintenance
personnel do not attempt to match replacement lixture photometrie performance to
that ol initial fixtures.

The problem is more critical on lighting systems designed for lower light levels, where
poles are spaced farther apart, On 2uch

systems, nearby fixtures will have a higher
pereentage contribution at each point, and
distant fixtures will have a lower
percentape contribution, making fixture
photometrie performance increasingly
important for maintenance of the system
performance.

Tunnel lighting system maintenance is
done on a shorter evele, approximately two
to four times per vear, which coincides with
the common washing and spot relamping
evele. The panel noled that all the tunnels
on the loop in Paris are cleaned every

month, as shown in figure 3.

The Swiss Energy Administration has a standard, nob a law, on the lighting density
limit {watta/m?) that sometimes affeets the design light levels. The Administration
also limits the amount of annual energy consumption (KW h/yr) for lighting. To meet
the requirements, some lighting is reduced in the late night, typically from 11 ry to 5
Abd.




Although France has no limits on power
consumption, it 1s not unusual to dim the
lighting, to save cnergy, between the hours
of 10 pM and 6 am. A recent survey by the
Center for Studies on Urban Planning,
Transport, Utilitics, and Public
Constructions (CERTU) shows that one-
third of French towns decrease lighting at
night, and 8§ pereent of the networks are
dimmed at night.

In Finland, an analysis ol liphling-syslem
costs over 20 years shows that eleetric
cnergy 15 two-thirds of the total cost. To
save energy, some Finnish roadways have
highflow-style contrals, and light levels are
lowered. The motoring public has not
complained,

Throughout the sean, the pancl noted that
a number of cities had developed formal
master lighting plans. The plans accounted
for cconomic and cultural changes, the
public image of the city, and technological
developments. The benelils of such a plan
arc that it organizes the different functions
of lighting, plans the different parts of the

Master Lighting Plan
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cily, and schedules Lhe expendilures. For example, the City of Paris has developed a
master urban lighting plan that is based on the safety of the roads, beautification, and
securily [or poods and people (fipures 4 and 5. Lighting is employved to change the
image of the environment, re-link different parts of the city, and indicate the nature of

the site. Essentially, planners consider
urban lighting Lo be one component of
managing the city

CEN has developed a new standard for
breakaway and cncrgy-absorbing poles,
number EN12767 “Passive safety of
support structures for road equipment.”
New types of poles meeting the standard
and suitable for wind speeds of up to 25 m/
& (approx. 50 mi/h) have been installed.
Figure 6 shows an example of how the
energv-absorbing pole works. The panel




thought that thig item would have applicability in areas where it is not currently

advisable to use breakaway poles.

Additionally, the panel was shown several bored-cenler-hole methods uzed in Finland
to muke wooden poles break away when impacted by a vehicle.

Crash testing of roadside devices 1s based on CEN standard procedures. The CEN
procedures are dircctly modeled after the US. crash-test eriteria specilied in National
Cooperative Highway Research Propram (NCHRP) Report. 350, with modifications; for
example, pickup trucks are not included in European tests.

Light Pollution Study
Examined the source of the uplight

Light Pollution Study

Recommendations are by arca type and
lurminaire type.

Litigation about lighting did not appear to
he an issuc in Europe, as it is in the United
States, which may be explained, in parl, by
differences in the legal systems. The
European approach also is different. For
example, the Duteh have developed a
nalional lighting poliey that includes
dimming. [t was pointed out to the team:
“If vou follow the policy, no one can sue
when vou Lurn Lhe lights out,”

The team was not made aware of any
formal sky plow restrictions in Eurape.
There is certainly, however, an awareness
of the problem as well as a technical
reporl, Cuidelines for Minimizing Skvglow,
CIE 126, 1997. Results of several studies
by R-Tech in Belgium on the amount of
uplight generated by various types of
luminaires were presented to the panel in
both France and Belgium and are shown in
figures 7 and 8. In later feedback the panel
was told that, in Belgium, the upward light
ratio of Lhe luminaires i# limited. We also
were informed that the light pollution
figures are being updaled and that this
information will be available in the fall of
2001, To reduce the Lotal amount of

upward flux, the following puidelines have to be followed:

1. Heduee upward light output ratio (ULOR) as much as possible,

2. Maximize the utilizalion lfactor (K} in such a way that it should approach the
downward light output ratio (DLOR} as much as possible.




3. In the case of a roadway lighting designed in luminance, maximize the
luminanee efficiency expressed in ed/m*/lux.

4. In the ease of an outdoor installation designed in illuminance, apply strietly
the requested illuminance level,

Each country visited had different warrants, as noted below,

A larpe proportion of paved roadways in Belgium are lighted. The continuous lighting
of the motorways between interchanges has a luminance level of 1 cd/m”in the
Flemish region and 1.5 ed/m? in the Wallonia region; the inlerchanges are lit to a
luminance level of 1.5 cd/m®

The official practiee on Swiss federal highways (motorways) is to light only junctions
{intersections). Ilighways in urban arcas are lighted in the neighborhood of lighted
urban roads or in areas with hipher risks. The normal roads (mixed traffic) are
mainly lighted in urban areas,

In Finland, warrants arc very detailed, and safety is used as a justification for Lhe
installation of lighting, One of the special reasons ciled lor lighling two-lane roadways
was the existence of an adjacent, lighted pedestrian way or lighted bike path.
Approximately 20 percent of the roads in Finland are lit.

In France, responsibilities for lighting and its maintenance vary according to the
“owner’ of the roadway. The national government is responsible for national roads and
motorways, counties are responsible for county roads, and cities for cily roads.
Individual towns are responsible for the lighting of national and eounty roads within
an urhan area. National roads must be lighted as follows:

As in France, individual towns in the Netherlands establizh their own lighling
policies. Al Lthe national level, specific warrants were written in 1990, referred to as
the “1890 Warrants.” The warrants to install lighting are as follows:




Always Light:
*  Four or more lanes
¢  Dual carriageway with 1,500 vehicles/hour/lane peak
*  Single carriageway with 2,000 vehicleshourflane peak

* Single carriageway with 1,800 vehicles/hour/lane peak, if slow-moving vehicles
are present

Sinee 1997, an additional assesament is required, as follows:

1. Daocs the road mect the 1990 Warrants?

2. Does the road go through or near a scenic area?
d. 1 no, then mstall lighting
h. If wes, then move to No. 3

J. Conduct a supplementary study to consider lighting alternatives.
a. Can glare screens be used?
b, Is guidance lighting poszible?
¢. Can the lighting be switched or dimmed?
d. Is lighting acceptable, in view of cost/benefit?

4, Reach a concluzion. If the decigion is to install lighting, install extra measures
such as the ability to dim or turn off during late night.

Asg of the team’s visit, a new lighting policy for highways was being written. It
conlains Lhe [ollowing elements:

1. Traffic Safety: only enough light for traffic safety.

2. Enerpy Elliciency: goal of 10 percent improvement by 20105 nol Lrading lives
for energy consumption.

3. Environmental Consequences: [see above additional 1997 assessment),

4. Eilects on Road Capacily: bazed on research at the Technical University of
Delft, addition of standard lighting shows a 4 percent improvement.
(Currently, the Duteh studies do not include the effects of dynamic liphting on
road capaciky.)

5. Administration and Maintenance of the Roadway.

Environmentalists in Lthe Netherlands have raised consciousness about potential
impacts of lighting on animal behavior. Humans, too, are included in the debates —
sume people want Lo live where it is dark at night. The efforts of environmentalists
are changing the lighting policy.




Develop master lighting design plans Lo improve the eoordination of roadway
and urban liphling in such matters as lighting levels, styles, and themes for
safety, security, and beautification.

Investigate the use of energy-absurbing poles as an option for selected
applicationsz. Careful investigation should be made into the adequacy of these
devices, considering the wide range of vehicle mass and speed on ULS.
highways.

When possible, consider quality lighting materials to benefit maintenance and
durability for the life of the lighting systems.

Theroughly train maintenance personnel to maintain the inlegrity of the
lighting systems,




The IESNA recently approved a revision to its publication RP-8, American Nationol
Standard Practice for Roadway Lighting. The revision includes three methods for
designing conlinuous lighling syslems [or roadways: iluminance, luminance, and
STV

One of the primary reagons for condueling the Buropean study wasg Lo meel with
leading experts in the field of roadway lighting to find out about their experiences
with using a visibility design metric.

While the panel Tound that a lob ol research is being done in Lhe area ol visibilily, none
of the research has vet been implemented into everyday practice. In more than ane
country, team members heard the words, “We have no practical experience,” when it
vame Lo applying the visibility design Lechnigues.

Because of a negative experience, the Swiss have changed their approach to lighting
crosswalks. They used to shine lights directly across the crosswalk, but diseovered
that, when at the curb, the pedestrian was less visible because the background varied,
from buildings in some places to darkness in others. The Swiss now light eroszwalks
from the side, so the pedestrian is highlighted in positive contrast. Later input from
the French confirmed the Swiss approach, but included the caveat that the main risk
is Lhal pedestrians oflen believe they are seen by drivers whatever the light
distribution and weather conditions, even if they are not in the zebra marking.

The panel was shown roadways in Finland that appeared to have relatively
nonuniloem lighting, 10 was thoughl these lighling systems might provide a higher
vigihility level. Subsequent caleulations by a team member have, indeed, shown that
this road exceeded any luminance and STV requirements in the new ANSIIESNA
RP-8-00. Nalurally, the ullimate measure of Lhe qualily of Lhis Lype of design will be
the change in the number of erashes. Crash data were not available at the time of the
visit.

The panel was pleased to notice the amount of vizibility research being done in both
France and Belgium. Team members saw spatial frequency analysis by Fast Fourier
Transforms being used by several people (Erie Dumont, Philippe Boogacrts, ete.) to
describe information content of a seene or border (edpe) contrast. Additionally, Mr.
Boogaerts indieated that the Fast Fourier Transform is also used in the processing of
the images of charge coupled device (CCD} cameras. Both countries have selected the
visibility model and equations of Dr. Werner Adrian and are using three-dimensinnal
targets, Representatives in both countries told the panel that the visibility concept
provided a more complete approach to lighting design and supplemented the
information provided by the luminance approach that is commonly used throughout
Furope. The approach, which utilizes three-dimensional targets, results in very
uniform lighting (sce figures 9 and 100,

The use ol three-dimensional largelz by the French and Belpians provides contrasts
within the target, thereby making the target more visible.




Figure 10 shows a typical three-
dimensional target uged by the Belgians to
develop simulation software. The Belgians®
found good correlation between panel
ratings and STV calculations for 200 percent
targets, hut stated that “the visual task of a
driver cannot be considered as detection,
within a useful time, of unexpecled small
atatic targets.” They further stated, “The
usc of STV assumes full use of (factors)
affecting visibility and knowledpe ol the
limitationa of the comeept.” They were
adamant about the need to include
headlighls into the caleulation of visibility,

Based on extensive research done by
Jacques Lecocq, the French have proposed
Lhal a simple minimum Larget visibility
level (V1) metrie iz all that 15 necessary.
Mr. Lecocq's research is based on
iranglating a model roadway inio a
computer program that allowed many
observer trials and the rapid collection of
dala (Agure 110, The panel noled that Mr,
Leeneg’s model relied on approximations of
kev factors. These factors include the use of
Lambertian diztribution caleulation of
light reflected from the pavement and the
shadow effect of multifaceted targets, Mr.
Lecocy noled that, as Largels gel larger, Lthe
visibility always becomes greater, Large
Largels develop conlrasts wilhin
themselves, as opposed to small targets,
which are alwavs viewed against their
backpround, 1.e., the roadway surlface,

The nine possible target positions are

Visibility Design Technique
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shown in figure 12, a view of Mr. Lecocq’s software. The software permitted
experimentation that determined the minimum vigibility level needed for adequate

lighting.

Based on an R2 roadway, a 0.35-5 vbeervation time, and a 20 percent relleclance
target, the results of the study indicate that a minimum visibility level of 7 1s necded

for good visibility.

Using a ray-tracing computer program called “Radiance,” the Belgians have developed
eynthesized computer targels thal replicate real-world, illuminated, three-
dimensional targets on a demonstration roadway, as shown in figures 13a, b, and ¢.




Studies utilizing the synthesized images
Maodel Roadway Installation hawve shown excellent correlation between
Lhe caleulatled levels ol visibilily and the
subject assessments of the observers for
both flat 20-cm x 20-cm and spherical
Largels (appendix 1),

In addition, the Belgians believe that their
work shows that good uniformity on a
poorly lghted (<1 cd/m®) road is
insufficient. While the VL does improve as
the roadway becomes more nonuniform,
Lhey believe thal Belpian drivers would not
accept the appearance of the roadway
(ficures 14 and 15). Later input from Mr,
Lecoeyg further clarilied thal Lhiz increase
in VL only applies to the average of several
targets in the sense of mean values.
Further, if one considers one Largel al a
time whnse reflection factor 13 variable, a
flat one can be made visible or invisible
simply by choosing an appropriale
reflection factor. The flat target can even
play the role of a tvpe of specious amplifier
for the average ol individual VLs, Thiz iz
generally not the ease for a spherieal
target. On a roadway with poor
longitudinal uniformily, typically all
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Computer Simulation

The mne posable tge positions e shown m this view largets are either very visible or invisible
of Jucrues Lecocq’s saftware., This software permitied depending on location. In this case,
experimentation that determmed the minimum visibility however, a corresponding mean value is
level necded for adequite lighting. not related to the ability to sce any

obstacle at any place on the road al a given
Limme by the driver

The Belgians* have found that headlights
impact VL and should be included in calculations. Also, they beliove Lhal. the V1.
approach iz nol usable in clutiered environments, i.e., environments with off-roadway
anurces, auch as towns and residential arcas. Therefore, the VL approach should be
limited to the liphting of main roadways in roreal areas.

Finally, the Belgians noted that, with the addition of the visibility design approach,
lighting enpgineers are no longer limiled Lo *producing luminanee.” but can also
“produce viaibility”

The Swiss recently enacted a law recopnizing that the pedestrian has the right of way
in a crosswalk. The initial result of the new law was an increase in vehicle-pedestrian



crashes. If circumstances in Switzerland
are similar to those in the United States,
the vast majority of pedestrian fatalities
pecur aller dark. The Swiss studied the
crosswalks and have based new crosswall-
and roundabout-lighting recommendations
un the visibility principle of highlighting
ohjects in positive contrast. As shown i
figure 16, poles are positioned so that
pedesirians are seen in pozilive contrast,
when light levels are below 2 ed/m®. No
special pole positioning is required for light
levels at or above 2 cd/m®, Installation of
the new lighting resulted in a two-thirds
reduction in pedestrian-vehicle crashes,
but an increase in minor vehicle-vehicle
crashes, typically “rear-enders,” resulting
from quick stops.

*» TFuropean rescarch suggests that
the visibility concept may provide a
more complele approach Lo lighting
design, though more experience 1s
needed. The panel recommends
experimentalion and research on
active roadways.

* The panel recommends the
consideration of vertical
illuminance as a design approach to
improve pedestrian salely in
erosswalks and other pedestrian
areas. It also recommends research
into Lhe relalive benelils betwesn
positive- and negative-contrast
lighting techniques and
developmenl ol approprizale levels,
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For 25 years, the luminance design
technigue has been suceessfully used on
major motorways and tunnels in Burope.
This melhod is hased on the way the
human eve sces; that is, road surfaces are
made visible by light reflected {rom them
and entering the eye of the ohaerver

The panel saw many examples of good
lighting that resulted from the use of this
design technigue, Examples are shown in
figures 17, 14, and 149.

European roadways are lit to levels more
than twice as hiph as those in Lhe Uniled
States, and with better uniformity. Belgian
cxperts expressed the opinion that a high
degree of pavement uniformily yields good
driver comfort. They are confident that
driver comfort equates to driver safety.
They were not, however, aware of any
formal studies linking driver comfort to
safcty

Bazed on the Belpian experience, experls
suggest, that roadways lit to levels hetween
1 and 2 ed/m” produce good visibility, while
lighting the roadway to less than 1 ed/m?
does not vield good visibility. In addition to
light level, good wisibility in wet conditions
alzo depends on Lhe locations of luminaires,
For example, in Finland, the team observed
lighting over the roadway,

Because Lhe luminance dezipn method
depends on road surfaces being made
visible by light reflected from roads and
entering the eve of the ohaerver, the
reflection properties of pavement become
an integral part of the lighting-design
process. The existing pavement reflection
tables, the H-tables, were publizhed in 1976
and have been used in luminance design




worldwide ever since, The R-lables refer Lo pavement rellection characteristics under
dry road-surface conditions only.

The E-tables are based on two pavement properties: 51, the specularity or pavement
shininess; and Qu, the lighlness or degree of prayness, lrom o while Lo black, o a8 road’s
surface.

The range of the S1 value determines the elass in which pavement is assigned, R1
through B4, as shown in table 3,

For accuracy, the average luminance coelTicient, Qo, must be delermined for Lhe
particular pavement under congideration. Typically, the values for Qo are R1 = 0.1, R2
and L3 = 0.7, and R4 = 0.8, However, these typical numbers do vary.

In Belgium, the most commonly encountered road pavemenls were biluminoos
asphalls (B3, with Qo from 0.07 to 0.10 ed/m*lux) and porous asphalts (R2, with Qo
from (.05 to 0.08 ed/ m*/lux). French experts use the real R-value of the roadway, if
possible. For quick estimating purposes, however, the [ollowing luminance/illuminance
conversions [or roadway lighling are used in France:

1 ed/m?#is produced by 8 lux on light-colored pavement.
1 ed/m®is produced by 18 lux on dark-colored pavement.
1 cdf/m®is produced by 14 lux on average-colored pavement.

Swiss, French, and Belgian experts mentioned Lhal a relined analysis of pavement
properties iz conducted for major projects. The analysis requires that a sample of the
future road pavement be measured in the laboratory and the matrix of the reduced
reflection coefficient be incorporated inlo the specificationg, along with the minimum
required lighting levels and uniformities for the projeet.

To obtain realistic R-values when evalualing an acltual road surface, the Belgians
evaluale several core samples and average the results. Outliers are discarded.
Turthermore, results of studies have shown that, in the case of porous asphalts, it
typically Lakes belween 6 months and a year for the pavement to stabilize in order to
obtain reliable R-values.

Figure 20 illustrates why field measurements should be delayed until after the
pavement has stabilized. Note that the left lane is not traveled on and is in nearly “as
poured” condition, while the right lane shows the typical change in reflection




properties caused by traffic. Note that the wheel-rul paths also have a much different
specularity than the other pavement areas, which makes it difficult to measure the
luminanece ol the overall pavement. All measured luminance values must be qualilied
as to the loeation on the pavement, but methods for determining Lhe overall
luminance value from collections of individual points has not been established in

Europe or in the United States. This
example illustrates the difficulty typically
cneountered when attempting to enforee
luminance specilication= or when verifying
designa.

Luminance measurements taken on the
two lanes show the ripght lane, al 140 ed/m#,
Lo have twice the luminanee level as the

ome on the left, 70 cd/m®,

The Swiss noted problems with standard
R-tables and have obtained different
results initially than those designed with
standard R-tables. In an additional
conversalion with Werner

Riemenschneider, however, he clarified that

after the pavement had aged for 6 to 12 months, the Swizs Lypically found that the
measured averape values were within 15 percent of the average design value, usually

on the high side.

In the good cases the Belgians noted discrepancies of less Lhan 10 percent, when
comparing measured luminance levels against caleulated levels for pavements, where
the reflection characteristics have been determined.

As mentioned earlier, pavement types
have been invenled since Lhe original R-
tables were coneeived. The French noted
increased usage of new surfaces over the
past 10 years, These surlaces include a
numhber of wearing courses and porous
asphalt, i.e., water-draining pavement.

Farous asphall slabilizes in a unique
way. It becomes more diffuse and its
brightness increases, as is shown in
figures 21 and 22,

Figures 21 and 22 show compuler-
generated images of the reflection
characteristics when viewed from typical
angles down the roadway. The angle
most frequently encountered in the past

A new porous asphalt at commssiomng




1s the 1-degree downward view. The
rous asphalt at 12 months French and the Swiss sugpested that
additional viewing angles were needed
hecause of lower specds and urban
environments. The angles most
Mreqquendly menlioned were 3 and 5

degrees.

Appendix D lists a paper by Ms, Corine
Brusgue thal describes how Lo design
lighting for water-draining pavements.
The Duteh noted that this type of open
praded asphalt pavement secms to
produce better visibility than the older,

dense asphalt.

In Switzerland, experts emphasized the
imporbance of dry roadways when condocling lield measurements, There are, however,
anly a couple of summer months during which pavements are dry enough to be
measured. [n addition, the team heard warnings about dew points and pavement
ages. It was noted that, during observations in cold weather (Lypically Oclober
through December), with a elear sky, when conditions were under the dew point, a
water film could suddenly appear on the roadway. This film could provide a
reflectance dillerential of 200 percenl. Given Lhese dilTicoliies and variations in
pavement. reflection characteristics, the Swiss typically verify lighting installations
with ineident light measurements.

In addition to the R-tables, N-tables are applied in countries that use additional
“whiteners” in pavements, which vauses the pavement o become very bright, The
French noted that, specifically for tunnel lighting, they are researching a special
pavement that has white pravel and cream-colored bitumen. Currently, il appears as
though the average
luminance

eoelficient, &o,
changes downward,
Uver a4 J-year
periad. This s still
under
investigation.

The Scandinavian
countries have
developed W-tables
for use on the wet
roadway conditions
encountered there
(see Tgure 231
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In Finland, the standard R- and W-lables are uzed, while the other eountries that the
team visiled use only the R-tables. In Switzerland, the W-tables that were developed
in Scandinavia are not used. Rather, the Swiss studied 10 typical installations and,
based on experience, determined that, for their purposes, 2 cd/m* under dry conditions

was also adequale in wel conditions. Swissg experts found no operational difficultics
with that approach.

*  Pavement reflectance is an impartant clement of lighting design. The panel
recommends that more research, including field measurements, be conducted
in order to overcome Lhe acknowledged inadequacy of the R-tables.




As mentioned earlier, tunnel lighting has been upgraded in the past 10 vears. As
defined in the technical report, Guide for the Lighting of Road Tunnels and
{inderposses, CIE 88, 1990, good tunnel lighting should “ensure that traffic, both
during day and nighttime, can approach, pass through, and leave a tunnel, at the
desipnated speed, with a depree ol salety and comiort nol less than Lhal along

adjacent stretehes of open road.”

In the past 10 years, technigues for exeavating tunnels have improved, making
tunnels a more attractive option. For example, Finland i= currently working on a
bypass Lhatl poes under, not around, the City of Helsinki. Additionally, while typical
tunncls are straight drive-throughs, the team observed tunnels in Europe that

Developments.)

contained merges and diverges and the
team even vidgited an underground
roundabout (figure 24). The underground
roundabout, which is part of a mass transit
station al Fravenfeld, in the Thurgau
Canton, Switzerland, includes not only
through roadways, but also an entrance
and exil. Lo an underground parking lol.
(figure 25).

Swiss experts believe that good wall
luminanee i2 necessary Lo provide good
guidanee for motorists. Additionally, they
have observed that most people perceive
tunnels il with NMuoreseenl sources Lo be
hrighter and more comfortable than
tunnels lit on the road to the same level
with pointl sources, probably because ol Lhe
higher wall luminance normally attained
with fluorescent luminaires, Althoogh
various light sourees are heing used, long
tunncls are generally lit with clectronically
ballasted. dimmable Tuorescents. Thal
approach easily adapts to the integrated
control svstems used on all the tunnels
that the Lleam observed. The inlegraled
syatems use a luminance meter to adjust
the light level in the threshold zone,
Lighling control svstems can be integrated
into the traffic management systems, and
tralTic volume can he added to the eontrol
clements. (Traffic control centers are
digeuszed laler under Fulure

The primary difficulty in tunnel liphting is determining the correcl liphting level to be
installed in the threshold. In theory, ¥just enough light” is necessary to meet the




requirement cited in CIE 88, Less than
“Just enough LHphl” causes the LrafTic to
slow down or frequent erashes to oceur.
Higher lighting than necessary wastes
money, both on installed and maintenance
cosls, Delerminationz become more
complex with the realization that the
lighting decision typically has to be made
belore the lunnel iz bailt. For all of these
reasons, the panel was shown more tunnel
lighting than any other type of lighting.
The leam members were greally impressed
with what they saw (figures 26 to 30).

In the pilot installation of the Wevelgem
Tunnel, the threshold luminance of the
counter-beam system (Lth, CBL: 400 ed/m®}
was purposely set equal to the threshold
luminance of the symmelric system (Lih,
Sym: 400 ed/m®) in order to evaluate the
visibility of the targets. Figure 30 shows
how the counter-beam lighling iz washed
out by the nutside natural light. This lack
of negative contrast in the beginning of the
Lthreshold results from daylighl penetration
(up to 70 m), reflected light from the walls
and pavement, and veiling, caused by the
natural brightness present in Lhe
atmospherie luminance (I.__ ). The
Belgians found that, whatever the lighting
dyatem, there were always invisibility
zones for a target with a fixed reflectance
tactor. These zones are of variable length
and position from one system to another.
Belgians do not lower the threshold
luminanes reguirement when counter-

beam lighting is used.

When uzsing counter-beam lighting, the Swiss noted that large trucks traveling
through lunnels (lpure 81 absorb Che lght coming from the luminaries, creating a
Iower light level as well as shadows. Also, black trucks are hard to sece. Regardless, the
Swiss still believe that counter-beam offers the best solution, except in tunnels with a

very high level ol Lruck trallie.

Based on experience, the Swiss believe that if sunscreens are used, they must be
waterproof. A acreen that is not watertight will allow water to drip on the roadway

and refreeze,



In the Netherlands, counter-beam lighting,
instead of sunzereens, has hecome more
widely used because it is leas cxpensive.
Typically, the threshold luminance levels
used in the Netherlands, at a design apeed
of 120 'k, are 200 to 250 ed/m?, based on
using counter-beam (symmetrical is
higher), Dulch designers believe thal the
current CEN document 13 1.5 to 2 times too
high and that CIE recommendations are
aboul 20 percent Loo low,

Recently, the Belgians told us that the
Belgian designers have shown, through a
Furopean survey made in the Buropean
Waorking Group for Tunnel Lighting (CEN/
W(G6) that, for the large majority of the
tunnels, countries rigorously ollow the C1E
HE (1990 recommendations for the
threshold zone lighting. Their experience
wilh Lhese lighling levels has been
reported positively.

In addition, the Dutch have developed a
desipn method called the *Black Window.”
The Black Window 15 used for deeiding
whether lighting is required for short
tunnels. Figure 32 is a diagram of Lhe
method, and figure 33 illustrates actual
cxamples.

In the diagram, A, B, C, and D define the
arca of the entrance portal. E, F, G, and H
define the exil,

For D < 20%, lighting 15 installed.
For D = 50%, no lighting is required.
For 1) = 20% or < H0%, a study is required.

The method examines what percentage of
the typical automaobile that passes through
the tunnel is visible, If it is 30 percent
vigible, then na lighting is installed. Ifit is
less than 30 percent visible, then lighting is
inglalled. Lighting is nol required on either
of the examples in figure 33, because more
than 30 percent of a typical automobile is
visihle.




Based on information from Japan, where tunnel
walls arc painted a dark color, the Dutch
conducted an interesting experiment on the
benelits of dark or light walls in tunnels. They
eliminated cleaning on one of the tunnels for a
period of one and a half yvears and had no
change in crazh rates,
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Today, Lunnels are il Lo high enough levels to ensure Lhal Lreallie, bolh during day and
nighttime, can approach, pass through, and leave a tunnel, at the designated speed,
with a degree of safety and comfort not less than that along adjacent stretches of open
rixacl.

The luminaires that are used to accomplish this typically have one of three types of
distribution and effect on objects. The

distribution effects are shown in Figures

Y T A Ad a, b, and e

In figurc 34a, light 15 symmetrically

_ distributed, particularly when linear

— < | sources are uzed, Allhough a uniform
| | luminanee is produced throughout the

tunnel, relatively low contrast values are

penerdled,

In figure 34b, light 15 asymmetrically

distributed, with the strongest part of the
N — e Lo beam direclted loward the approaching
' ' _ driver. Thiz type of lighting provides high
; _ pavement luminance and low object

' luminance, creating negalive conlrast.,

ﬁ - - 1‘; In figure 34c, light is asymmetrically

distributed, with the strongest part of the
beam directed away [rom the approaching

driver, in the direction of traffic flow. This
tvpe of lighting provides high object

luminance and low pavement lominanee,
creating positive contrast.

The panel was most interested in learning
I~ | aboul Europe's experience with the

ﬁ L TN v different distributions. The French experts

suppested that Larpels disappear under
pro-heam and do not use it. In fact, while

all of the countries visited have
experimented with using pro-beam for threshold lighting in tunnels, none of them use
it.

The Swiss have evaluated counter-beam, pro-beam, and symmelric lighling systems.
Field measurements and lighting calculations have indieated that, if counter-beam
viclds a 100 percent light level, then symmetric with the same lumen oulput vields 70
percent, and pro-beam with the same lumen output yields about 30 pereent. This is
the ease on the mostly used asphalt concrete road surfaces of type R3. On type R1
(less specular) the pain in vield iz amaller. The Swiss discoverad some problems with
counter-beam installations where there is a lot of large truck traffic. Counter-beam
lighting iz preferred in Switzerland.




COUNTER-BEAM AND PRO-BEAM LIGHTING

Until now, the Belgians have only used symmetrical lighling, They have, however,
conducted extensive experiments and found that the best angle (with the vertical) for
the main beam in a counter-beam system iz 56 degrees.

The Dutch use counter-beam lighting because it 1s more cost-effective than
SUNSCreens.

AREdini

AR




The term high-mast liphting penerally relers o g group of luminaires moonted al oz
height of 20 m or moere. [ts use in interchange lighting leaves the area free of poles
and provides motorists with an uncluttered view of the interchange. With careful pole
placement, plare is much less of a problem than in convenlional lighling, In addition,
maintenance can ugually be done without disturbing the traffic flow.

In Finland, the panel was shown a nearly completed interchange that was lit with
asymmetric floods mounted on hiph-mast poles, The lighling on thal inlerchange was
installed belore construction was eompleted, thereby malking it possible to eontinue
work on the interchange after dark (figure 35).

Belgium has several existing interchanpes uzing poles up Lo 35 m in height (figure
36), bul does nol have any new high-mast installations. Existing interchanges usc
either HI'S sources, in 400 to

1,000 watt, or 131- to T5(0-
watt LPS, with an
asymmetrical photometric
distribution,

Other than in Finland and
Belgium, the panel did nol
ohserve any new high-mast
installations. The French
indicated that high-mast
lighting was used quite a lot
in the 19705 and "80s, but is
nol currently used,

The illuminance design
technique is used to light
residential, small Lown, intersection, and

conflict areas. The new urban lighting
trend in Europe is the use of indirect
lighting. Several examples of decorative
lighting are shown in figures 37 through
186.

In Finland and Switzerland, overhead,
directional sipne are currently 1il with fop-
mounted luminaires, To save moncey,
however, the Finns are moving away from
sign lighting by uzing miero-prismatic
sheeting material. In France, engincering-
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grade, retroreflective material has been used,

and the French also are moving away [rom [ixed

sipgn liphling.



*  The panel recommends the uze of
micro-prismatic sheeting materials
for unlighted signs mounted
overhead and on the lell shoulder,




During the tour, the panel observed many
new or relatively new roundabouts in Europe.
Team members were told that civil and traffic
engineers prefer to use roundabouts instead
of traffic signals for reasons of safety and
elliciency. In addition, in same places,
roundahouts are popular with local
communities, thus generating demand for
more new inlersecltions of that Lype. Figure 48
shows a roundabout in suburban Paris.

The panel visited the Philips Lighting facility
in France. Representatives of Philips
indicated that the goal of roundabout lighting
was to provide a total view of the roundabout
geometry [rom three levels: long dizlance,
nearby (100 m}, and at the entrance. Figure
49 shows a roundabout at the hilips facility,

The French divide roundabouts into the
following three categories:

In France, outer edge or central island
luminaire locations are permitted. In Finland,
Belpium, and Swilzerland, roundabouts are
lit from the outer edge.

Swiss and Belgian designers inilially il [rom
the center, but found poor results with
negative contrast in crosswalks and
roundabouts. The Swiss design specifically
addresses pedestrian crosswalks and
roundabouta by providing positive contrast.




ROUNDABOUTE

Swiss and Belgian experts believe that
proper placement. of luminaires (figure 50}
will provide positive eontrast on
pedestrians and automobiles, thereby
improving recognition, In addition, highly
vigible {(retroreflective) materials are used
extensively on the curb (or periphery! of
the center of the izland Lo enhance its
conspicuity.

ROUNDABOUT LIGHT LEVELS

In Finland, designers strive to have 30 e
percent more light on the roundabout than | 710070 U Swiss recommendubon i lurninaire
on the approaching roads. Swiss placement

roundabouts are designed for homogeneous
lighting at a level 50 percent above the best approach road.

In Belgium, roundabout design is for a 40-lux horizontal illuminance light level with a
uniformity preater Lthan 40 percent. In addition, Belgian experts have found that
providing a 15-lux vertieal level at 2 m from the outside edge of the central island
improves the general perception of the roundabout. The central island has to he
materialized by vertical (retroreflective) elements on the central island with a :
minimal frontal surface. They helieve that the entrances of the roundabout (120 to :
160 m hefore the roundabout) also have to be lighted.

PANEL RECOMMENDATION f
+  The pancl recommends that the European experience in roundaboul lighting :;é

be synthesized and consolidated in the AASHTO Lighting Guide for TLS. |
applicalion,

|
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The Swiss Council for Aecident Prevention iz a private, politically independent
foundation, which has been legally entrusted with the task of preventing accidents in
the areas of road traffic, sports, home, and leisure, Tables 4 and 5 include comparative
information given to the team members by Mr, Paul Reichardt of the Swixs Council,
Table 4 gives the impression that the United States has a very serious problem.
However, when the raw data are normalized with millions of km driven (table 5), the
Uniled States is comparable with Lhe best ol Lhe countries cited. The United States
and the countries that the team visited are highlighted in the tables, The data are
from the International Road Traffic and Accident Database (IRTAD.

COLUNTRY 1994 1995 1996 1997 1998
United States 40,716 41,/98 42,065 41,967
Turkey - - - 6,735 5,308
Swodon L9 Lie 237 |
Karead 11,600 1,871 14,551 13,343 10,416
Poland 6,744 &, 900 6,359 7,310 7,080
Partugal 2,504 2. 2,730 - 2425
Mew Zealand 580 581 514 540 -
Metherlands 1,298 1,334 1,180 1163 1.0466
Moy 783 a0s 255 A03 357
Luzembiourg 74 - - & 57
Jopon 12,768 12,670 11.674 1,254 10,805
lceland 12 24 10 15 2/
Ireland A4 437 4453 472 -
[taly f,104 F033 G, 688 6,724
Hungary 1,562 1,589 1,370 1,391 1,371
Creers 2,253 24N 2,063 2,149 -
Great Britain 3,650 3,621 3,598 3,549 -
Finland 480 441 404 438 -
France 9,019 B,19i 8,541 8,444 8,918
Spain 5,615 5,751 5,483 5,604 -
Denmark, 246 a2 214 449 -
Germany 9.814 2,454 8,758 b,549 PTG
Czech Republic 1,637 1,584 1,568 1,597 1,360
Switzerland &79 697 616 587 597
Canado 3,763 3,347 3,092 3,064 -
Belgium 1,692 1,449 1,356 1,364 -
Australia 1,938 2,013 1,970 1,767 1,763
Ausiria 1,338 1,210 1.027 1,105 464




COUNTRY 1994 1995 1996 o97 1996

LUnited States n n 1 10

Turkey - - - 139

Sweden - - . - -
Korea - - . - -
Poland - - - ;
Fortugal - - - -
ey Zealond - i

Metherlands 12 1?2 ]} 5

Morway 10 10 8 L[¥] -
Luxembourg - - - -

Japan 18 18 [a] 15 -
lceland & 13 2 4 14
Iredrind 14 14 13

[Fealy - - - -

Hungary - - . .

Groece 34 35 28 9 -
Great Brifain 9 B ] i -
Finland 12 10 4] 10 -
France 19 18 17 16 =
Spain -

Denmark 14 14 12 -

Germany 17 & 14 14

Czech Republic 58 a9 - - _
Switzerland 14 14 12 n

Canada - - - - -
Belgium 21 18 17 16

Austrolio - 12 - - -
Ausiric il 19 15 16

At night, a human’s visual capabilities are impaired, and visibility is reduced. Road
crashes at night are disproportionately high in numbers and severity when compared
with the daytime. In the United States, while only 25 percent of the travel oceurs
during nighttime, about 55 percent of the fatal crashes oceur aller sunset. Weighted
for km traveled, the nighttime falalily rale is three times the daytime figure.® The
major factor contributing to this problem is darkness, because of its inlluence on a
driver's behavior and ability. Thus, logically, read lighting is a potential
counlermeasure.

Most of the countries reported significant safety benefits in term of crashes, injuries,
and latalities when road lighting was installed. Some sample statistics follow:




*  Finland reported 20 (o 30 percent reductions,

* A Norwegian study that was cited revealed a 65 percent reduetion in
nighttime fatalities, a 30 pereent reduction in injuries, and a 15 percent
reduction in property damage.

=  Dutch studies showed reductions of 18 to 23 percent,

In Finland, traffic fatalitier were lowered from 1,000 in 1977 to 410 in 1994, Because
there are long periods of darkness during the year, it is likely that roadway lighting
can be credited for some portion of the decrcase in fatalities.

Swiss representatives reported that crash rates are lower in appropriately lighted
Llunnels than on olher roadways,

Arguably the best data on this subject are available in the technical report, Road
Lighting as an Accident Countermeasure, CIE 93,1992, The report includes rigorous
analysis of 62 lighting and crash studies from 15 countries. Eighty-five percent of the
resulls show Lhal lighling was beneficial, with abool one-thied of these studies having
atatizstical significance.

These data lead to the general conclusion that road lighting on traffic routes will
reduce the incidence of nighttime

accidenls. Depending on Lhe elass of road
and the accident elassification involved,
the statistically significant results show
reductions of between 13 and 75 percent.
Some of Lhe specifics are:

The Swiss have launched an ambitious
program known as “Vision Zero” (figurc
51). Is purpose is Lo improve roadways
such that there are “no fatalities in trailic

accidents.” The graphs in figure 52 show
Lhe npumber ol road acecidenls (rom 1945 to 1995 as compared with the number of
vehicles on the road during the same period.

Finnish representatives referred to an interesting experiment that was conducted in
southern Finland. The road lighting was reduced from 1.5 ed/m* 1o no lighting at all.
The resull was a 25 percent increase in the accident rate. When the lighting was
reduced from 1.5 edim®to (.75 cd/m® the accident rate increazed 13 percent.




The Finnish Road Administration offers
incentives to road district personnel who
implement crealive salety improvemenis, A
monetary reward i3 provided if accident
rates are reduced.

Based on the Dutch experience with
reduced lighling levels during the energy
crisig, light levels on motorways have heen
reduced to the range used in the United
States, apparently without a noticeable
increaze in accident rales,

Duteh designers installed an experimental,
dynamically lit roadway that can he
operated at three lighting levels, depending
on the amount of traffic and weather
conditions. The normal level 15 1 ed/m®, the
high level is 2 ed/m”, and the low level is
0.2 cd/m? Experts were unable (o detecl
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statistical differences in aceidents between 1 ed/m® and 2 ed/m?®; however, the sample
size was very small. Accident rates for the 0.2-ed/m?” system, when it is operated at
Loy traffic volumes, have been acceptable, and a second system that only operates at 1

ed/m? and 1.2 ed/m® has been installed,

In Switzerland, the Zurich police provided the panel with an extensive investigative
report on accidents in the Gubrist Tunnel, where there have been 75 accidents over a
Al-month period, The investigation incluoded an analysis of Lhe lighling in the tunnel
and videotape of a number of aceidents. The panel found it highly interesting that the

police were analyvzing the causes of crashes.

*  The panel recommends the development of a uniform {State-to-State) accident
reporting syvatem that includes maore accurate descriplions of the lghling

conditions at crash scenes.




In the area of Tuture developments, the panel was very interested in investigating
entting-edge lighting research as well as anticipated major advancements in the art
and science of roadway lighting.

All the countries that the team visited, with the exception of Switzerland, are
members of the EU, and substantial effort is going into the harmonized CEN Lighting
Standards. When the harmonized CEN documents are adopted, they will replace
individual countries’ standards, which were generally based on the CIE. This 1s an
example of the impact of the EU now and in the future.

The panel vizited Lwo tralTic control eenters (TCC) one in Finland and one in
Swilzerland (figures 53 and 54).

The TCCs arc used to improve traffic flow, provide traflic information, and contral and
manage traffic demand. The Finnish center can monitor the weather throughout the
entire counlry and, when needed, give information directly to motorists by
interrupting ear radio programs. Motorists do not need to be tuned to any particular
frequency. The center can also remotely chanpe posted zpeed limita,




In the Netherlands, the origins of dynamic
roadway lighting can be traced to the
Energy Crisis of the 1970s. During that
period. some luminaires were Lurned off to
save energy. While there was an increase in
accidents, it was not a large increase,
(Some areas of the United States noled
gignificant increases in aceidents when the
same approach was used). Over the
following 15 years, there was movement by
the Neiherlands Lo lower the lighting
levels from 2 ed/m?® (as recommended by
CIE) to 1 ed/m”, retaining the
recommended uniformily ralios

Sinee 19495, the Netherlandsz has inastalled
and operated a dynamically lighted
roadway that can be adjusted to any of
Lhree lighting levels, depending on the
amount of traffic, time of day, and weather
conditions, The low level is 0.2 od/m?
(hgure 55), Lhe normal level s 1 ed/m®
i(figure 561, and the high level is 2.0 ed/m?
(figure 57). The different light levels are
oblained through Lthe use of electronically
controlled, dimmable HPS hallasts.

To sct a baseline for the dynamic road
section, Dutch experts have collected and
analvzed accident data. Unfortunately, the
dynamic section was too short and the
alatistical gample size was too amall to
draw conclusions between the 1-cd/m® and
Z-pe/m® light levels. In an evaluation of an
exlensive gel ol melhodz (induclive loop
detectors, instrumented vehicles, video
observations, questionnaires), it was
concluded Lhal, under low Lrallic volumes
{less than 800 vehicles per hour) and
favorable weather conditions, the low level
(0.2 ed/m®) can be applied. Accidents rales

Wil

for the low-level lighting have been acceptable. To continue gathering information on
iynamic road lighting, the Duleh have inslalled a second system, which only operates

at 1 ed/m® and 0.2 ed/m®.

In Finland, a conzartivm ol thres organizations (FORTUM, SITO, and VTT) is
cxperimenting with a dynamic road lighting svstem on a 3.5-km segment of Route 1




(Dinola to Saukkola), with about 9,000 ADT, on a two-lane road. The system uses a
continuous integration of traflic volume and wealher conditions Lo delermine Lhe
speed limits and roadway lighting levels. A measuring deviee (meter) 1s used to
determine whether the pavement is wet, dry, or snow-covered. The control system
tries to keep the luminance of the roadway constant by varying the lumen oulput of
each luminaire, The meters also can delermine which luminaires are not funetioning
properly. Dimmers made by Philips Telemanagement control individual luminaires.
The schedule called for testing of the system to begin in autumn of 2000,

In the mid-1990s, environmental studies concluded that a lighted roadway could be a
barrier to wildlife movement. In addition, a number of environmentaliste suggested
that darkness was a natural and good thing, A number of environmentally sensitive
areas in the north of the Netherlands are referred to as “seenic arcas.” In the scenic
arcas, the current lighting approach is multifaceted and includes not installing
lighting, installing lighting that can be dimmed, and an active investigation into the
use of lighting as a guidanece system.

Experts in the Netherlands are researching the acceptability of a number of different
types of guidance systems, Under investigation are lighl-emilling diode (LEL)]
pavement markers, LED post delineators, LED pavement-marker stripes, fiber-optic
“side sights” (fiber optics attached to a guardrail, with light emanating along the
entire length), and fiber optic “end lights” (in-pavement fiber optics with ends
extending up and oul of the pavement surface at fixed intervals with light emanating
from the tips of the cables). These systems arc used where additional guidance is
needed and are typically operated between 11:30 pu and 6 an. Figure 58 illustrales
the tyvpes of syslems,

To date, findings of the Dutch

Dutch Guidance Systems Under Study

“Side Light”

investigations indicate the following:

1. In-road systems seem to give the best
suidance information to motorists.

2. Guardrail-mounled syelems do not
always relate to the roadway.

3. In-road LEDs should match the lane

Altermative Gruadelight line stripe color,
Guidan ce

4. Solar-powered LEDs typically take 14
hours to run down and appear Lo have
approximately a 5- to 5.5-vear service life.

5. Guardrail-mounted equipment requires
costly repair when a car erashes into it.

6. In-pavement systems pose a challenge

during resurfacing operations.

The panel observed in-road, fiber-optic delineators in Switzerland, as well, which are
shown in figures ff%a and h.




In addition tn
the research
by the Dutch,
Lhe French
have a study
under way
GO0
lighting,
retroreflectivity,
and aclive
luminous
deviees. Also,
Helsinki
Lniversity is
working in
the area of

Mmesopie

vision {(luminance levels that are typically used in roadway lighting) and use of LEDs

in lighting. There is an extensive amount of
research being condueted in this area.

Some of the newer surfaces that are not
included in the development of the original
R-tables include quiet and waler-draining
pavemenls, a2 well as very thin, asphaltic
coneretes and surface dressings.
Additionally, there is an increase in the usze
of brighl. and colored road surfaces, as
shown in figure 60.

Because of the evolulion of road surtace
technology, the French are eonducting
rescarch in the arca of photometric

properties of road surfaces. Figures 61 and 62 show applications of colored pavements.

There iz a need for new pavement reflectanee measuring equipment as well as data
for observation angles, other than | degree downward. Figure 63 illustrates a typical
view that a motorist 2ees inside a tunnel. Here, the driver will usually shorten hig
paze Lo closer ohjects both on and off the roadway, depending on his rate of speed.
Data arc needed for the closer observation angles.

In Belgium, R-Tech is huilding a reflectometer to measure pavement reflectance at
varyving alpha, beta, and gamma angles. In France, with use of a ray Lracing
technique, the French are developing a virtual reflectometer (figure 641 to predict
current and future pavement reflectance for all angles.



Worldwide, the volume of vehicular LralTic
is increasing. To keep traffic moving
through tunnels in the daytime, the
lighting communily has increased the
amount of light installed so that the
“black hole” that used to be present at the
Lunnel portal has been improved w a
“oray hole.” The intent. 13 to make sure
drivers can sce well enough into the
lunnel s0 they don't slow down when
entering the tunnel. While ihis has been
accomplished, it has been expensive to
install and operate — offsetting sunlight is
not cheap! As a result, thoge responsible
for lighting tunnels are always laoking for
ways to accomplish the necessary visual
tazk for less money.

In Switzerland, an example of partial
tunnel lighting for a 120-m-long tunnel
wasd ciled, The partial-lighling approach
for short tunnels may provide the needed
vigibility while saving energy. [t utilizes a
known phenomenon: natural daytime
lighting typically penetrates the portals of
the tunnel about 40 m. Taking advantage
of that, artificial Hghting is only installed
in the middle 40 m ol the tunnel,
Installing only one-third as much lighting
saves a great deal of energy, which makes
it very appealing.

Johan Alferdinck of the research firm
TNO Human Faclors, Lthe Netherlands,
presented a paper examining the effects
of light sources on color contrast in tunnel
lighting. The purpose of the research is Lo
angwoer the question, “Based on luminance
conlrasl, does Lhe color of the lighl source
add anything to this, so that I can reduce
the light level in the threshold?” While
further rescarch needs to be conducted,
part of the conclusion reached is that the
use of colored lHght sourees in tunnel
lighting is superior in all conditions.
Figure 65 shows colored tarpets with two
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different types of lighting. Note the
difficulty in target detection when veiling
fuminanee iz added,

RESEARCH NEEDS

Control of light levels in tunnels has
traditionally been done using a technigue
that looks at a 20-degree cone and is
referred to az “L20.7 Anolher Lechnigque,
called lLseq.. which uses a cone of view that
15 more heavily weighted in the center, also
can be used to control the lighting. Jean-
Marie Dijon, along with R-Tech. in
Belgium, believe that both the L20 and
Lseq. controls should be placed vn the
same Lunnel and comparisons made to
determine which method performed the
best.

Figure 64, Virluol refleciomeler, Frunce,

Dir. Peter Blaser, in Swilzerland, stated

that there is a need for research on the
visual task in tunnels. He suggested that, for today’s traffic conditions, small targels
in an empty tunnel do not adequately describe Lthe situation.

OVERALL RESEARCH IMPRESSIONS

The active research items discussed above

are only a portion of the large numhber of Effect of tunnel I]ghung_mlur
projects under way. As was clear from t-.;:--. e ey e e

visiting five countries, the Europeans take
the task of advancing the art and science of
lighting sericusly, While some of the r g
research is lunded by private industry,
much of it 15 paid for by various
government agencies. For example, the
Finnish Hoad Adminislralion spends 1.5 P
percent. of itg annual budget on research
and development.

Figure 65, Cilects of tunnel lighting color,

PANEL RECOMMENDATIONS

* Investigate the application of the
concepls of dimming lighling systems, lurning oft lighting systems, and |
alternative guidance systems as approaches to more dynamic management of
roadway liphling,

* [Incourage innovative experimentation on active roadways and test tracks.

¢ Further evaluate Kuropean standarda, practices, and guidanece documents to
determine applicability in the United States.
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[nvestipate the use of vides-based data acquisition and Fast Fourier Transform
analysis for evaluation of the effectiveness (retroreflectivity degradation) of
traffic control devices such as sign lettering, pavement markings, and
delineators.

Fvaluate driver information needs at night, considering the following: =ale
stopping distance, navigational mformation needs, objeet in roadway
informational needs, visibility needs in periphery (roadside) vision,
probabilities ol deiver’s altenlion being given bo the various areas, Lhe change
in driver’s scan for information habits with and without lighting (including
just partial lighting) and also with variations in traffic volume, and the
adequacy ol small Largels describing the overall visibility of the roadway {or
providing the needed information ).

Quantify visibility differences in tunnels between positive- and negative-
contrast lighling systems, especially in low Lunnel ceilings with heavy truck
traffic.

Comparc lighting systems using Information Theory (IT) {Fast Fourier
Transforms) to discern differences between systems desipned by the
illuminance method, luminance method, and the STV method. Make field
evaluations of pavement reflectance and make comparisons in the variation of
information based on variations in pavement reflectance,

Develop new bidirectional pavement. reflectance disiribution functions for all
pavement types. Investigate variation in reflectivity due to speetral content of
lamp. Evaluate Fast Fourler Transforms of pavement texture for correlation to
pavement reflectance.

Develop measuring technigques and standards for off-roadway glare sources.
Research should include the effectiveness of adding or increasing roadway
liphtings levels (o milipate adverse elTecls ol ofT-roadway lighting,

Investigate the adverse effects of glare on pedestrians and bicyclists sufficient
to allow designers Lo establish limils for such glare, Consider Lhe benelits of
the pedestrian’s visibility verans the ability of the pedestrian to be seen.




The trip deseribed in this report was successful thanks to the contributions and
sacrifices of a large number of individuals, First, and foremost, the panel members
Lhank the enpgineers and olher lransporbalion ofTicials from Che live counbries vigiled,
These individuals gladly gave their time and resources to malke us feel comfortable
and to provide the panecl with the latest technical information from their respective
vrpanizations. The panel met too many individuals to list here, but they are lisled in
appendix C. In addition to the people listed in the appendiz, the panel members thank
the behind-the-seenes individuals who worked on the logistical aspects of the trip. In
many cases, the panel members may never have met these people, but we recopnize
their valuable contribution to the suceess of this trip.

The pancl members would never have been able to start and sucecssfully complete
the trip without the assistance of the staff from American Trade Initiatives, Inc, (ATI).
ATIL under conlracl with the Federal Hiphway Administration (FHWAL handled the
pre-trip logistics, escorted the delegation throughout the trip, and provided the
support needed to prepare and publish this report. The panel members would like to
recopnize Lhe [ollowing stall off AT

* . Joe Conn, for his guidance and azzistance in organizing the trip.

= John O'Neill, for his guidance, counsael, and leadership as our escort during the
Louar

*  Alexandra Doumani, for her assistanee in preparing the report and making
the travel arrangements.

o Marie-Dominigue Gorrigan, lvr advance work and Lranslalion in Paris,

This trip was made possible with support and funding from the FHWA Midwestern
Resource Center and the American Association of State Ilighway and Transportation
Olficials (AASHTO). In particular, the panel members thank Donald Symmes and
Hana Maier, from the FHWA Office of International Programs, and ave Hensing and
Kyung Ku Lim, of AASHTO, for sponsoring the trip and allowing panel members to
observe and report on praclices in Huropean countries. Additionally, the panel
members thank the staff of the National Coopoerative Highway Researeh Program
{(NCHRP for their assistance.

Finally, the panel members express appreciation (o the many individuals who served
as interpreters throughout the trip. Although many of our hosta spoke excellent
English, having an interpreter who was familiar with the technical terms of the
lighting profession waz of immense agzislance Lo the panel.
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Texas and a member of the National Society of Professional Engincers as well as the
Texas Society of Professional Engineers. Mr, Burkett is Chairman of the AASHTO
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structure planning, design, and construction to FHWA Division (State) offices and
State Departments of Transportation in 15 mid-Atlantic and Northeastern states. Mr.
Wilken and his staff also provide these services to metropolitan planning
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lighting/visibility-related research. Ile has been a member of the IESNA since 1958,
and he has been active un the Roadway Liphting, Lhe Testing Procedures, and the
Papers Commiliees. He is a past President of both the Capitol Section {Washington
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Paul «J. Lutkevich, P.E., is currently the Chair of the [lluminating Engineering
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Massachusetts. Over the past 18 years, Mr. Lulkevich has been involved in the design
of more than $200 million of lighting svatems for roads and tunnels throughout Nerth
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Questions that are numbered were sent to the Europeans.
(Juestions that are bulleted were of secondary importance,

1.1 What cutting-edge roadway and tunnel lighting research has recently been
or is aboul Lo be done?

1.2 We would appreciate a discussion on whal you see az the next major
roadway and tunnel lighting advancements.

(We would preatly appreciaie the benefit of your experience on matters of design,
installation, maintenanee, and repair of lighting systems. )

2.1 Design

2 1.1 Whal standards or lighting reference documents do you uze Lo
determine design requirements, including bibliographie listings?
Would it be possible for uz (o receive a eopy of these standards?

2.1.2 We would appreciate a discussion about the lighting design lor
roundabouts and other specific geometiric features.

2.1.3 Were optimization studies done to determine your practices regarding
mounting height and number/wattage of fixtures for conventional (<
20-m mounting height) and high-mast (=20-m mounting height)
lighting? Are copies ol such #ludies available?

2.1.4 Do you use temporary work zone lighting at roadway construction
areas?

21.4.1 In these areas, what standards or requirements do you use
to determine the appropriate roadway lighting for the
motorist?

21.42 What are the requirements for the lighting in the work area
for the construction workers? May we have copies of these
standards?

2.1.5 We would appreeciate a discussion on any light pollulion concerns you
may have and actions taken to abale light pollution.

2.1.6 Tlease discuss mitigation of specific headlamp characteristics {ie.,
sharp cut-off) in lighting designs, especially as applied to a visibility-
based design and to the visibility of nonilluminated, retroreflective
Higns.

= Is an estimate made of the amount of design work required for a particular
project? How is this done?

*  What resources are commilied to lighting?




Do the people doing the lighting design work have other duties, or do they only
work on lighting? What are the qualilications [or a lighting designer?

Does safe stopping distance play a role in the design of speed limitless aulobahn
lighting desipngz?

ITow do you deal with the differences in elevations of crossroads and ramps?

What types of low elevation lighting, i.c., curb or rail level, are being used for
lighting on structures?

In the United States, as a safety requirement, we require the poles adjacent to the
roadway to “break away” when impacted by an automobile. Do vou have similar
mandated requirements, or policies, concerning the use of breakaway poles? Are
there any mandated requirements, or policies, concerning foundations for
breakaway poles?

How does Lthe wiring system break away? When testing breakaway devices for
poles, 15 the wiring system in place to determine iz effect on the breakaway
process?

How is Lhe decision o install lighting on a particular roadway made?
Do vou use warrants for lighting?

Discuss your warranting conditions for continuous freeway lighting. For complets
interchange lighting? For partial interchange lighting?

Do you use lighting programs that are compatible with CADD? Do vou use
Intergraph? What other CADD programs are used? Do they handle designs lor
both luminance and illuminance? CADD application software appears to be
limited, especially for luminance design, Are vour programs generated in-house or
provided by vendors? Who are the vendors?

Discuss your wiring methods for high-mast and conventional lphting, i.e., circuit
parameters (amps, volts, and volt drop), types of insulation used, locations of
flses.

2.2 Verifieation

2.2.1 Dwo you have construction acceptance testing and inspection
programs?

222 Ilow are the design eriteria of an installation verilied belors Lhe
customer (slale, cily, lownship, ele.) accepts it and pays the
contractor/consultant?

2221 What measurement technigues are used to verify the design?

2.2.2.2 Do you verify calculation methods and determine if field
reaults matlch caleulations (check the amount of crror’?

2.223 Do you investigate field modifications and how such
madifications affect the design?




2.2.2.4 What inspection effort is required? We would appreciate a
digcussion on your prelerences,

*  Whal do vou see as Lhe major variables affecting field measurement:
- For the Tlluminanee Design Method?
- For the Luminance Desipn Method?

¢ How do you account for different pavement types (conerete, asphalt, aggregate,
artificial brighteners), weather conditions (i.e., dampness or dryness of pavement),
and wear of pavement, in the luminance readings?

*  Bidding

*  If vou use competitive bidding, how do vou account for the differences in
photometrics between manufacturers?

* Do you place restriclions on the luminaires as far as efficiency and utilization?
*  What are your purchasing processes and procedures?
= Do vou buy only the low-bid items?

*+ 1o you sel up any long-term contracts with a single vendor for standardization
purposes? If so, what 1s the duration of contract/s?

Operational Issues
¢ Do you uge nancycling HPS lamps? Why?

*  What techniques arc used to identify and prevent or repair rust and corrosion of
lighting pole bases and connections?

* Do you contract out vour maintenance? Could we have details? Does it include a
monitoring activity?

*  Dlo you have a computerized invenlory control?

=  How do you keep track of the infrastruecture that is out on the street? Manually?
Computer?

*  Whal are vour emergency responze times for weather-related aceidents and also
for aceidents caused by humans?

* Discuss your lighting maintenance policy/procedures for hiph-speed [reeways.
2.3 Litigation

2.3.1 How do you protect against litigation if the liphting does not meel
standards?

{The ANSFIESMNA publicalion Recommended Practice for Roaduay Lighiing has just
heen revised to include the use of a visibility metric and 5TV, small target visibility.




Naturally, we are very interested in any experiences vou have had using visibility
design techniques in your country.)

3.1

3.2

3.4

5.4

3.6

3.7

3.8

a4

A1

3.11

3.12

3.13

Ilave vou conducted studies comparing the results of a visibility-based
desipn to iluminance or luminance-based dezipns?

What is the current status of installing roadway lighting systems using a
nonuniform luminance pattern based on STV (small target visibility), or
cloge to STV, desipn principles in vour country?

What percentage of designs used visibility as a hasis?

What standards or lighting reference documents do vou use to determine
vour visibility design requirements, including bibliographic listings?

Are accident glatisties available and do the statistics show an improvement
in accident rate or an increase in driver comfort?

Are any cost figpures available comparing these visibility-based designs to
more conventional (luminance-hased) designg?

Da vou have feedback from drivers, bicyelists, pedestrians, on the visual
acceptability (or nonacceptability) of such systems?

Because it is necessary for computers 1o be used in caleulating visibility
levels (VL) discuss the program parameters, such as the equation, size and
shape, and reflectance of the target, the contrast of the target, location of
caleulation points, the effect of vehicle headlights, eic.

Do vou find differences in the resulting lighting systems when different
types of targets are used? For example: Would a three-dimensional shape
(2ueh as a soccer ball shaped targel) vield a dilTerent lighling syslem than
mme designad around a two-dimensional flat target of similar size and
refleclance qualities?

We would appreciate a discussion on the visibility measurement technigues
used to verify design.

We would appreciate a discussion on the adequacy of lower luminance levels
tn be used with STV design methods.

3.11.1 Do you consider headlight contribution in a visibility-based design
and how is Lhis alTected by dilTerent headlamp designs?

We would appreciate a discussion on the adequacy of STV designed lighting
gvstems in varying (particularly wet or snow) weather conditions.

We would appreciate a discussion on the various authorities’ specifications,
inspection, and testing requirements for luminaires used with vizibility-
based design methods.

3.13.1 How repeatable do you find the luminairez [rom a pholomelric
viewpoint? For example, do luminaires installed in different years
give the same measurements on Lhe street?




314 s there a difference in driver cye heights used in European STV designs?

4.1 How do you account for glare?

Do vou find that luminance designs fit into interchange areas that have varying
widlhs and curved roadways and glower speed crossroads?

Do you apply luminance to bridge lighting or partial interchange lighting where
vou may only have a few lights?

We nolice thal a design bazed on luminance tends to push the luminaire out over
the roadway, while maintenance desires the luminaire over the roadway's
shoulder. Is this an issue and how has this issue been addressed?

What Lype of luminaires do you [ind most uzgeful and why?

What standard do you use to determine the proper light level and what Candela/
m” values do vou use? What values for Glare ratio?

5.1 Tunnels

01,1 We would appreciate a diseussion on the various methods of lighting
tunnels used in vour jurisdiction (pro-beam, counter-heam,
symmetrical, light goides, ele,)

n.1.2  What is your experience with the use of sunscreens before the tunnel
portal?

5.1.3  Whal standards or lighling reference documents do you use to
determine vour design requirements?

5.1.3.1 What design methods are used to determine Lunnel
lighting levels? (c.g., fixed values, L20, Lseq., snow,
atmospheric luminance, exterior contribution in Lhe
Lthreshold areal?

f.1.4 Do you aceount for glare in tunnel lighting designs?
5.1.5  How do you determine what is a tunnel and what is an underpass?

1.1.5.1  How do you light underpasses?

5.1.5.2 When arc underpasses or tunnels not lighted?

5.1.6 Please discuss your lightling design Lechniques for very long tunnels,
including fixture mechanical characteristics, wiring methods,
controls, hypnotic effects, and backup power requiremenis.

5.1.7  What has been yvour expericnce in the use of induction fluorescent for
tunnels, walkways, and bikeways? In particular, what has been the
maintenance personncl’s expericnce?




Are the road desipn speeds maintained throughout the tunnel or are they
reduced?

What design programs do vou have to address tunnel lighting?

How are your tunnels maintained (ie  washing, relamping, ete.)?

Are firefsmoke issues considered in the tunnel equipment? Are materialz such as
PVC allowed?

What materials are used in tunnel construction? Are walls and ceilings tile,
concrele, sholerete, other?

Do vou eonsider fluorescent lighting?

Are most tunnels luminaires overhead or wall mounted?

Are tunnel exitz provided with increased lighting levels?

5.2 Iligh Mast (Mounting ITcights » 20 m) Lighting

5.2.1

D.2.2

i

What is the experience of using high-masl Hphting of roadways and
interchanges compared with usual pole heights of 10- to1h-m range?

We would appreciate a discussion on your experiences with mounting
heights, number and wallage of ixtures, pholometric patterns, and
types of lamps for high-mast lighting.

5.2.2.1 We would appreciate a discussion about the design
technigques vou use [or hiph-mast lighling (e, visibility-
bazed design? uniformity level on high ramps in
interchanges? how effectively are grade changes
considered?).

We would appreciate a discuszion on the various sipn lighting
methods uzed in your jurisdiction (e.g., what light levels (illuminance
or illuminance) and uniformities, types of luminaires, light sources,
and localions are used?)

Dae to enst and energy eoncerns, many signs now depend on
retroreflective materials and illumination from vehicle headlamps,
Given the sharp culelTof the Lypical Kuropean low-beam pallern, do
you cxpericnce any problems with proper and timely sign detection,
recopnilion, and legibilily?

5.3.2.1 What arec vour plans relative to making sure all signs will
e detected and read and understood 0 sallicient Lime Toe
drivers to take proper action?

Da you accept. lower levels for 2ign lighting in areas where solar power iz used?




5.4

£.1

6.2

6.5

th.4

Decorative Lighting

5.4.1  What types of newer residential and urban street lighting
treatments are being used?

5.4.2  Whal are your decorative illumination design criteria, (e.g., glave,
iMluminance, luminance, semi-cylindrical?)

We would appreciate a discussion about the various reflectance factors used
in luminance and visibility-hazed designs.

What is your experience with the effects of R-factors changing due to
pavemernt age, aggregates, rutting, seal coat types, super-clevation, and
texturing?

Is the reflectance of future roadway treatments considered or controlled
{e.g., are any special pavement toppings or cover coats or other technigques
being used (o control or improve pavement reflectivity?)

£.3.1  What effect do these have on sky glow?

We would appreciate a discussion about variations in off-roadway
reflectances under varying weather conditions and how that would impact
luminanece level requircments.

Do vou consider worst-case condition lor dry pavement?

Do the R-tables adequately deseribe the roadway’s reflectance characleristics?

7.1

7.2

7.3

7.4

We would appreciate a discussion on accident history for pro-heam, counter-
heam, and asymmetric systems.

Do you cansider using pro-beam or counter-beam on divided highways or
tunncls and are there object idenlification advantages of onc vs, the other?

We would appreciate a diseuszion on transition adaptation from pro-beam to
counter-beam systems and from [IPS/LDPS to metal halide systems.

We would like to discuss with you the relative position and speed detection
of drivers in negative contrast situations (counter-beam).
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Throughout the tour, the scanning team received numerous documents from all ol Lhe
hosting agencies. The documents referred to in this report are listed here.

1.

Color contrast in tunnels (Kleurcontrast in tunnels) (TNO-report TM-00-C002, in
Dateh) by J, WA, M. Alferdinck, Department ol Perceplion (Displays), TNO
Human Factors, Soesterberg, the Netherlands.

Visibility in road lighting,; correlation of subjective assessments with calculated
values by J. Lecocy, Thorn Europhane, Les Andelys, France.

Quality criteria for road lghting: luminanece and uniformity levels? Or visibility?
by Jean-Marie Dijon and Laurent Maldague of R-Tech 5.A. Belgium.

Tunnel of Wevelgem; comparison and tests of symmetrical, counter-beanm and pro-
bewm systems hy Jean-Marie [ijon and P. Winkin of R-Tech S.A. Belgium.

Laboratory experimental study of the influence of environmental complexity on the
detection of various targets by G. Paulmier, C. Brosque, V. Carla, and V. Npuyen,
LCPC; Paris, France.

FEvaluation of the photometric characteristics of porous asphalts by Corinne
Prusque, Jean Peybernard, LCPC; Paris, France,

Study of road surface photometric properties by numerical simulations by T.
Rondeau, C. Brusque, LCPC, Paris, France; and N. Noe and B. Peroche of Ecole des

Mines de St-Etienne Centre Simade, St-Elienne, France,

Bloack window method of short tunnel Lighting destgn by J. W, Hujjben and F. de
Roo, Enginecring Department, Rijkwaterstaat, the Netherlands.

Dynamic public lighting, Ministry ol Transport, Public Works, and Water
Management; P.O. Box 1031; 3000 BA Hotterdam; the Netherlands.
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"Hockey, K. and MeGee, H. Minimum Traffic Sign Retro-reflectivity Guidelines: The
United States Experience, presented at Jrd African Road Safety Congress, Pretoria,
South Africa, April 1997,

T ANSL TESNA RP-8-00 “American National Standard Practice for Roadway Lighting.”

# Dijon, Jean-Marie, Quality Criteria for Road Lighting: Luminance and Uniformity
Levels? Or Visihility'? 1K or B-Tech 5.A., Belgium.

iDijon, Jean-Marie. Quality Criteria for Road Lighting: Luminance and Uniformity
Levels? Or Visibilitv? IR or R-Tech 5.A,, Belgium.

* Hockey, K. and MeGee, H. Minimum Traffic Sign Retro-reflectivity Guidelines: The
United States Experience, presented at 3rd African Road Safety Congress, Pretoria,
South Africa, April 1997,
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